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Semen cryopreservation is an established industry worldwide, and the advantages of A.I. could be maximized utilizing frozen semen, since it is the alternative for long range distribution of high quality genetic material (Roca et al., 2006) . The process of cryopreservation and thawing inflicts certain damage to spermatozoa plasma membrane and acrosome (Baldi et al., 2000) , which may lead to reduced fertility rate of frozen thawed semen as compared to fresh semen (Shannon and Vishwanath, 1995; Dhami et al., 1996) . Several mechanisms have been attributed to the reduced fertility of cryopreserved semen. The reduced fertilizing ability of cryopreserved spermatozoa is due to lower viability, poorer motility, damaged plasma membrane and increased acrosomal abnormality of thawed spermatozoa (Hammerstedt et al.,1990; Cormier and Bailey, 2003) , which is related to the changes of capacitation further termed as cryocapacitation (Watson, 2000) . Cryocapacitation is one of the major factors associated with reduced longevity and poor survivability of cryopreserved spermatozoa in female reproductive tract resulting in reduced fertility of frozen thawed spermatozoa. Many workers have demonstrated similarities between the changes associated with capacitation and cryopreservation (Watson, 2000; Cormier and Bailey, 2003) . The protein tyrosine phosphorylation pattern between in vitro capacitation and cryocapacitation of buffalo spermatozoa was reported to be same (Kadirvel et al., 2011) and there is loss of sperm surface protein during cryopreservation which is similar to in vitro capacitated spermatozoa (Lessard et al., 2000; Kadirvel et al., 2011; Talukdar, 2014) . The cryopreservation also induced modifications to sperm membrane make them more reactive to their environment after thawing such that cryopreserved sperm are in a partially capacitated state (Watson, 2000) . The cryopreservation procedures predispose the spermatozoa to undergo premature capacitation which may be responsible for a significant part of the compromised in vitro fertilization of frozen thawed spermatozoa by delineation the cells less stable in the reproductive tract, after artificial insemination and plummeting the time required for spermatozoa to penetrate the oocyte (Hammerstedt et al.,1990; Watson, 2000) .
Kinetics of cryocapacitation
The mechanism by which cryocapacitation occurs is not fully understood and is complicated by the fact that onset of normal capacitation has yet to be elucidated. A better understanding of the events involved in both capacitation and cryopreservation is essential for improvement of fertility of frozen thawed semen.
In this paper, it has been point up on the different changes in post thawed spermatozoa during cryopreservation which related to capacitation.
Hyper-activation
Before fertilizing of the oocyte, mammalian spermatozoa undergo the sequence of membrane alterations associated with accumulation of calcium ion and the increase of tyrosine phosphorylation resulting in Page13 sperm hyperactivation (Petrunkina et al., 2003) , which is characterized by high-amplitude and asymmetrical flagellar beating that assists sperm in penetrating the oocyte zona pellucida (Marquez and Suarez, 2004) . Hyperactivation has been considered part of the capacitation process because sperm have been observed to hyperactivate while undergoing capacitation. During capacitation, several sperm proteins become phosphorylated on tyrosine residues and this phosphorylation has been demonstrated to be regulated by a cAMP pathway through activation of protein kinase A (PKA). Some of the proteins that become tyrosine phosphorylated during capacitation have been localized to the flagellum, and therefore it has been proposed that they are involved in hyperactivation (Singh et al., 2010; Soren, 2011) . The frozen thawed spermatozoa having hyperactivated motility which might be due to cryopreservation as cryopreserved spermatozoa have poor calcium efflux mechanisms and are less efficient in extruding calcium ions resulting in rapid accumulation of cytosolic calcium ion (Cormier and Bailey, 2003) .
Cryopreservation also induced changes in sperm membrane lipid structural design, membrane permeability and homeostatic enzymes may cause accrual of detrimental levels of intracellular calcium ions and when these intracellular ion concentrations reach doorsill levels, capacitation followed by acrosome reaction is triggered without the activation of zona pellucida receptors in the sperm plasma membrane or the associated signal transduction system .
Plasma membrane integrity
The plasma membrane integrity of sperm is of basic importance for optimal sperm function and only a sperm with an intact plasma membrane can undergo a series of complex changes in the female reproductive tract and can attain the ability to fertilize an oocyte (Baldi et al., 2000) , while cryopreservation results partial capacitation that induced membrane phase changes, which was thought to result in lateral phase separation of membrane components and increased membrane permeability for solutes (Talukdar, 2014) . The interruption of plasma membrane integrity caused by disruption of lipids within the membrane during cryocapacitation may induce further cellular damage and consequently lead to irreversible damage to its integrity (Hammerstedt et al.,1990; Watson, 2000) .
Influx of Calcium
Capacitation process involves various physical and biochemical changes in the spermatozoa that occurs within the female reproductive tract. There is deletion or alteration of surface-associated components originating from epididymal fluid or seminal plasma. The sperm metabolism and biochemistry has been Page14 in a biphasic fashion, with an initial small elevation in intracellular calcium during capacitation followed by a much larger elevation in intracellular calcium that occurs at the time of the acrosome reaction (Watson, 2000) . Although sperm capacitation usually occurs in the female tract, the development of in vitro systems that promote capacitation and fertilization has made it possible to study more carefully the specific requirements for sperm capacitation and fertilizing ability. Cryopreservation can damage subcellular compartments of spermatozoa resulting in decreased fertilizing potential (Hammerstedt et al.,1990) . Perturbations occur in the membranes during cooling and freezing (Si and Okuno, 1999) which alter the ability of spermatozoa to maintain ion concentration gradients (Baldi et al., 2000) , and lead to potentially lethal increases in intracellular calcium (Kadirvel et al., 2009 ). These changes may also adversely affect sperm capacitation, the acrosome reaction and the survival of spermatozoa in the female reproductive tract (Watson, 2000) .
Acrosomal membrane integrity
Acrosome of the spermatozoa is the acidic secretory organelle crammed with hydrolytic enzymes.
Assessment of the acrosomal status is a very imperative part of semen evaluation, in the sight of the role of this structure in the preservation of spermatozoal ability to penetrate the egg's zona pellucida (in mammals), or the egg envelope (in birds) and the aptitude to fuse with the egg plasma membrane. Cells must retain a normal acrosome to ensure that the acrosome reaction may occur at the suitable time to assist fertilization (Esteves et al., 2007) . Also the determination of the acrosome status in cryopreserved sperm is of the fundamental importance as cryopreservation directly damages sperm membrane, which could be followed by a loss of the acrosomal matrix contents (Kadirvel et al., 2009 ).
Leakage of sperm membrane protein
Capacitation The major factors associated with reduced longevity and poor survivability of cryopreserved spermatozoa in female reproductive tract is the cryocapacitation . Frozen-thawed spermatozoa have an altered membrane state, which is functionally similar to capacitated and/or acrosome reacted sperm (Watson, 2000) . There is swelling and breakage of plasma membrane (Visconti et al.,1998) , loss of membrane selective permeability, change in membrane fluidity (Hammerstedt et al.,1990) , leakage and aggregation of phospholipids, reduction in motility and enzyme activity (Dhami et al., 1996) and viability (Watson, 2000) . There is also alteration in the sperm membrane proteins which might be due to sublethal damage occured during cryopreservation leading to loss of sperm surface proteins (Lessard et al., 2000) , segregation of membrane proteins (Dhanju et al.,2009 ), inactivation of membrane-bound Page16 enzymes and decreased lateral protein diffusion within the membrane (Watson, 2000) . Increased membrane fluidity is important for calcium influx and several downstream mechanisms of capacitation.
During freeze-thaw cycle, the sperm membrane undergo lipid phase transition leading to an increased disorder of phospholipid packing and membrane fluidity, which causes poor control of intracellular calcium concentration . These may increases the maturation of sperm membranes and capacitated acrosome reacted spermatozoa. These alterations may not affect motility but reduces lifespan, ability to interact with the female reproductive tract and sperm fertility.
Conclusion
In conclusion, the cryocapacitation of spermatozoa occurs in partially during cryopreservation of semen.
These capacitated spermatozoa are probably less able to reach the site of fertilization in oviduct than are uncapacitated spermatozoa. Once capacitated spermatozoa exhibit elevated metabolic rates, increased membrane fluidity and permeability, they do not achieve fertilization, they undergo spontaneous acrosome reaction due to an uncontrolled influx of Ca 2+ . Hence, the fertilizing lifespan of capacitated spermatozoa is limited. Considering that the fertility of cryopreserved semen in vivo is poorer as compared to fresh semen and cryocapacitation may contribute to this reduced fertility. Further investigation regarding mechanism of cryocapacitation and the prevention of premature membrane modifications will hopefully lead to the improvement of the fertility of cryopreserved semen in many species.
